Abstract: In this paper, a fault detection procedure for linear MIMO models with respect to the observations and the parameters is studied. The various undesirable phenomena being able to affect any physical system (parameter fluctuations, noise,..) are taken into account by describing them as uncertainties. Thus a fault detection procedure is established by providing a more robust decision with respect to the various imperfections. A more general case consists in using polytopes instead of the parallelotope, is treated in order to bring a better precision, by exploiting the FourierMotzkin elimination algorithm which is used to compute the projection of a polytope.
INTRODUCTION
The purpose of a fault detection and isolation (F.D.I.) procedure is to specify in which operating condition is the studied physical system. More precisely, when a fault is present, one should be able to detect it, then to identify its nature i.e. to isolate the component that the fault has affected. These two stages help to reconfigure the considered system in order to make it operational by realizing the adequate action. A problem met in the field of F.D.I. schemes lies in the fact that a model only defines an approximate behavior of a physical system. This is caused by modeling errors when a model is made linear or when some physical phenomena are not taken into account. However, a modeling error has not to be identified with a fault. In order to prevent a significant number of false alarms, the bounding approach consists in considering that parameter fluctuations and noise are represented by uncertain and bounded variables. Indeed, every uncertain parameter θ i of the model is considered bounded and time-variant variable θ θ θ i i i ∈ min max ; , which only its bounds are known.
This paper is organized as the follows. After formulating the problem in section 2, an algorithm for polytope projection is explained in section 3 and is generalized in order to solve the Fault Detection (F.D.) problem when the parameter domain is a polytope. In the section 4, a fault detection method using bounding approach is proposed as a binary consistency test between measurements and their estimations using the model. Then, a relative volume providing a degree of consistency is defined in section 5, followed by an example in section 6.
PROBLEM FORMULATION
Fault detection procedure for a physical system using a model is viewed as a comparison between an observed behavior and an estimated one obtained by using a model. When model parameters are uncertain, the precision of the F.D. procedure is directly related to the size of uncertainties: the more the size of the uncertainties is large, the less the F.D. procedure is precise. This is due to the fact that a fault may be confused with a possible parameter deviation which leads to a non-detection. Consequently, the more the size of the parameter domain is large, the taller the non-detected fault will be. Then, it is interesting to carry out the F.D. procedure by taking the smallest parameter domain containing all the real parameter values. In fact, the real parameter domain is generally unknown or not convex, that is why some parameter estimation techniques consist in finding an approximation of the real parameter domain as an ellipsoidal form or a parallelotope. This is not developed in this paper, the reader can refer to several works on parameter estimation field which have been collected in a collective volume that represents the main results (Milanese et al., 1996) . Thus, the precision of F.D. is related to the quality of the parameter estimation procedure and to the characteristics of the parameter domain.
In (Ploix et al., 2000) and (Janati-Idrissi et al., 2001) , the parameter domain is considered as a parallelotope in order to have its generating expression (1), then a method based on interval analysis (Moore 1979 , Mo et al.,1988 ) is used to provide the estimated behavior. Indeed, if θ ∈ p is the parameter vector belonging to a parallelotope Ρr θ , then its expression is:
where θ c p ∈ is the center of Ρr θ and T p q ∈ × is a matrix defining its form and its volume. The uncertain and the bounded nature of the parameter vector θ is traduced by the normalized vector v q ∈ such that v ∞ ≤ 1. Finally, by injecting this expression in the model lather defined by (2) in the section 2.1, it becomes possible to provide the estimated behavior of the system and then to compare it to measurements. This technique can not be extended in case the parameter domain is considered as a polytope. But it is easy to see that a polytope is more precise in approximating the real parameter domain than a parallelotope (see figure 1). The global description of model (2) Consequently, in the F.D. operation, the consistency test must take into account the uncertain nature of the model. In the next section a method for treating the collected data and for making a decision in the presence of uncertainties is presented.
CONSISTENCY TEST
When the physical system described in the section 2.1 operates normally, the measurements (X k 0 5,
must be consistent with the model (3) i.e. at a time k, it exists a parameter vector value α 0 such that:Ỹ
Then, finding the unknown variable α 0 is a linear programming (LP) problem widely treated in the literature. (Nash, 1996) . In general, the value of α 0 is not unique, consequently, a given solution at a time k does not necessary correspond to exact parameter values. Then, it can not reflect the real operating state of the system. This is due on the one hand to the fact that the model (3) is not injective (in general, even if the parameters would have been invariant and certain, there would be an infinity of solutions which would be consistent with the model for a given data) and on the other hand it is caused by the lack of the information (uncertain model). In the following, two methods for solving (4) are proposed. The first one, called the parametric approach, reasons in the parameter space. The second method consists in considering the measurement space using a set-membership approach.
Parametric approach
The system described by (3) (5) is:
where Ψ = MH and Γ = − N Mg Thus, the consistency test is easier to establish because the number of variables occurring in the inequality system to be treated is smaller: (p+n ¨ p). The F.D. procedure can be summarized by the following set of rules: ¢If the linear inequality Ψβ Γ ≤ is feasible then the system described by (3) operates normally. ¢If Ψβ Γ ≤ is not feasible then the system described by (3) is in an abnormal operating state. Several techniques can be used for solving the feasibility of a set of linear inequalities. The obvious one, consists in using the algorithms solving linear matrix inequality (LMI) problems (Boyd, et al. 1994) by rewriting (6) as r n + 2 scalar LMIs:
such that the elements of the vector β (β j , j p = 1,..., ) are unknown matrices (scalar matrices).
Set membership approach
Another alternative to test the consistency of the measurements, is the set membership approach . It consists in estimating the system output Y and to compare it with its measurement Ỹ . Since the model (3) is uncertain due to the fact that the parameter vector α has several possible values, then the output estimation is not a punctual value. If the system described by (3) 
PROJECTION OF A POLYTOPE
In this section, an algorithm for polytope projection using Fourier-Motzkin elimination appearing in the book of (Ziegler, 1995) is presented. It starts from a projection in a single direction and then is generalized in this paper to compute the projection of a domain on an affine space.
Projection in a direction
Considering a given polytope P defined by some linear inequalities: 
Projection on an affine space
In this section, the Fourier-Motzkin elimination algorithm is generalized to the case of a non orthogonal projection of a polytope on an affine space, in order to be able to construct the domain D Y . Consider again the model (3):
The domain D Y is the projection of D α on the affine subspace Λ k spanned by the rows of the matrix X k 0 5:
the method proposed in this section is applied for all k, then the temporal index is omitted in the following. Since this projection is not orthogonal, it is necessary to carry out a change of variable. Firstly, let us consider the permutation matrix P The volume of a polytope can be computed by using the algorithm given by (Lasserre 1983 Fault detection of uncertain system when the parameter domain is a polytope is studied in this paper in order to give more precision. Two methods to test the consistency of the measurements with the model are proposed: the parametric approach gives a binary result as opposed to the set-membership approach which provides an additional information about the degree of consistency via a the relative volume defined while being based on polytope theory.. The result described only concerns one class of uncertain systems, it would be also interesting to extend these techniques to the case of state space representation with uncertain parameters in which the set-membership approach is more delicate to be applied because of the uncertainty propagation.
